Objective and subjective assessments of changes in cognition after carotid endarterectomy (CEA) were compared between older patients (AE76 years old) and younger patients (º76 years old). Patients underwent subjective cognitive assessment by a neurosurgeon and the patient's next of kin, and neuropsychological testing (five parameters) before and after surgery. Of 37 older patients studied, 4 (11%), 28 (75%), and 5 (14%) patients were defined as having subjectively improved, unchanged, and impaired cognition, respectively, following surgery. Differences in test scores (postoperative test scorepreoperative test score: D score) in all neuropsychological tests were significantly lower in the older patients than in the 213 younger patients. The D score was able to statistically differentiate older patients with subjectively improved, unchanged, and impaired cognition after surgery. Receiver operating characteristic analysis showed that the D score cut-off point for detecting subjective improvement (upper cut-off point) and impairment (lower cut-off point) in cognition after surgery in older patients was identical to the mean or the mean ＋0.5 standard deviation (SD) and the mean -1.5 SD or the mean -1 SD, respectively, of the control value obtained from normal subjects. The upper and lower cut-off points were lower and higher, respectively, than those in younger patients. In conclusion, although neuropsychological test scores reflect the subjective assessment of postoperative change in cognition in older patients, the optimal cut-off points for the test scores to detect subjective improvement and impairment in cognition after CEA are different in older patients compared with younger patients.
Introduction
Carotid endarterectomy (CEA) reduces the risk of stroke in selected patients with carotid disease. 4) Numerous studies have investigated changes in cognitive function following CEA using objective neuropsychological testing and found that, while CEA may improve cognitive function, 9, 17) cognitive impairment occurs in 10% to 30% of patients following CEA. 7, 12, 13, 20) However, reports defined no clear criteria for determining significant cognitive improvement or impairment after surgery on neuropsychological test scores, because such postoperative changes may, in part, reflect the``practice effect'' (an improvement in scores when patients are repeatedly tested). 12, 17) In contrast, physicians and/or patients' families often report subjective postoperative improvements or impairments in cognition for patients undergoing CEA; indeed, patients º76 years old who underwent CEA experienced subjective improvement in 11% and impairment of cognition in 11% of cases after surgery. 22) Further, neuropsychological testing can detect subjective improvement and impairment in cognition after surgery if the optimal cut-off points for changes of the test scores are defined. 22) CEA is an effective means of preventing stroke recurrence even in elderly patients. 3) However, whether cognitive function changes following CEA in such patients remains unclear. Several investigators showed significant improvement in cognitive performance scores after CEA, 1) but others demonstrated no significant differences in scores on cognitive tests before and after surgery. 10) Further, no studies have compared cognitive changes after CEA in Y. Takahashi et al.
younger versus older patients.
The present study performed objective and subjective assessments of changes in cognition after CEA in older patients (AE76 years old) and compared the findings with data from younger patients (º76 years old) obtained previously. 22) 
Patients and Methods
Of 296 patients who underwent CEA from April 2000 to December 2007, 22) 39 satisfied the following criteria and were prospectively enrolled: age, AE76 years; ipsilateral severe internal carotid artery (ICA) stenosis (AE70%) on angiography with arterial catheterization; preoperative useful residual function (modified Rankin disability scale 0 or 1); no ipsilateral carotid territory ischemic symptoms or ipsilateral carotid territory ischemic symptoms that had occurred À6 months before presentation to our department (defined as asymptomatic) or ipsilateral carotid territory ischemic symptoms that had occurred between 2 weeks and 6 months before presentation to our department (defined as symptomatic); no further ischemic symptoms during the period between initial evaluation and surgical intervention; no new major neurological deficits on recovery from anesthesia following surgery for CEA; and written informed consent obtained from both the patient and next of kin. A total of 213 patients who were aged º76 years satisfied the above-mentioned criteria (with the exception of age) 22) and served as a group of younger patients. This study was reviewed and approved by the institutional ethics committee of Iwate Medical University.
The same surgeon (K.O.) performed CEA for all patients who were enrolled in the present study. Surgery was performed under general anesthesia and with the use of an operative microscope from the skin incision. Neither intraluminal shunt nor patch grafts were used in these procedures. A bolus of heparin (5000 U) was given prior to ICA clamping.
Cerebral blood flow (CBF) was measured preoperatively and immediately after surgery using iodine-123 N-isopropyl-p-iodoamphetamine single-photon emission tomography (SPECT) as described previously. 19) Based on the CBF values measured using brain perfusion SPECT, post-CEA hyperperfusion was defined as described previously. 19) Diffusionweighted magnetic resonance (MR) imaging was performed before and within 24 hours after surgery to identify new postoperative ischemic lesions.
Patients visited the attending neurosurgeon (K.O.) in our outpatient clinic within 7 days before surgery, and between 1 and 2 months after surgery. At each visit, the neurosurgeon interviewed the patient for approximately 30 minutes, and at the postoperative visit, the neurosurgeon subjectively assessed whether the patient's cognition was improved, impaired, or unchanged after surgery compared with the patient's preoperative cognition. A neurologist who was unaware of the neurosurgeon's assessment also asked the patient's next of kin whether the patient's cognition was improved, impaired, or unchanged after the surgery compared with the patient's preoperative cognition. In this assessment, the patient's next of kin subjectively determined the postoperative cognitive change. As reported previously, 22) a patient was defined as having subjective improvement or impairment in cognition after surgery when both the neurosurgeon and the patient's next of kin agreed that either postoperative improvement or impairments was present. A patient was defined as having subjectively unchanged cognition after surgery in all other cases.
To objectively assess postoperative changes in cognition, a battery of neuropsychological tests was administered, consisting of the Japanese translation of the Wechsler Adult Intelligence Scale-Revised (WAIS-R), 21) the Japanese translation of the Wechsler Memory Scale (WMS), 14) and the Rey-Osterreith Complex Figure test (Rey test). 16) The WAIS-R generates a verbal and performance intelligence quotient (IQ). The Rey test evaluates copy and recall of a complex figure. Thus, five scores (WAIS-R verbal IQ, WAIS-R performance IQ, WMS, Rey copy, and Rey recall) were used to objectively evaluate cognitive function. 22) In the WAIS-R and WMS, normal control values in subjects aged AE76 years are not available. 14, 21) Thus, normal control values from subjects aged 75 years were used to standardize raw data from patients who were aged AE76 years. The preoperative and postoperative neuropsychological tests were performed within 7 days after the subjective assessment of cognition, and differences in each neuropsychological test score (postoperative test scorepreoperative test score) were calculated and defined as the D score. All examinations were administered by a trained neuropsychologist who was unaware of the patient's clinical information.
Forty healthy volunteers (37 men, 3 women; mean age, 60 years; range, 45-70 years) served as controls and underwent the same neuropsychological tests on two separate occasions. 22) The interval between the two tests ranged from 1 to 2 months. Differences in each neuropsychological test score between the two tests (second test scorefirst test score), were defined as D score in controls. In this control group, the D score was 3.4 ± 4.5 (mean ± standard deviation [SD]) on the WAIS-R verbal IQ, 4.9 ± 5.0 on the Cognition After CEA in the Elderly WAIS-R performance IQ, 4.7 ± 6.1 on the WMS, 0.4 ± 1.1 in the Rey copy, and 2.9 ± 3.5 on the Rey recall. 22) Data are expressed as the mean ± SD. Differences or incidences of each variable between older patients and younger patients were evaluated using the Mann-Whitney U test or the x 2 test. To evaluate the inter-observer (neurosurgeon and patient's next of kin) agreement of the subjective assessment of postoperative changes in cognition of patients, the proportion of concordant assessments was calculated as the number of concordant assessments divided by the number of assessments by the neurosurgeon and/or the patient's next of kin. Differences or incidences of each variable among three groups with subjectively improved, unchanged, or impaired cognition were evaluated using the Scheffe's F test or the x 2 test followed by Bonferroni's inequality correction. Changes between preoperative and postoperative neuropsychological scores were evaluated using the Wilcoxon signed-rank test. Differences were deemed significant for values of p º 0.05. The accuracy of the D score in each neuropsychological test for the detection of subjective improvement and impairment in cognition after surgery was assessed using receiver operating characteristic (ROC) curves. The ROC curve was calculated in increments and decrements of 0.5 SD from the mean value of the D score obtained in normal subjects.
Results
Of the 39 older patients who satisfied the inclusion criteria, 2 did not undergo postoperative neuropsychological testing and were excluded from the analysis. Thus, 37 patients were evaluated in the present study. Table 1 compares the clinical characteristics of the older patients and the younger patients. The incidences of hyperlipidemia, symptomatic lesion, and infarction on preoperative MR imaging were significantly greater in older patients than in younger patients. Further, the incidence of modified Rankin disability scale of zero and duration of ICA clamping were significantly lower in older patients than in younger patients. The incidences of cerebral hyperperfusion or new ischemic lesions on diffusionweighted imaging after surgery were similar in the two groups. Table 2 shows the inter-observer agreement for the subjective assessment of postoperative change in cognition in older patients. Assessments by the neurosurgeon tended to be more favorable (i.e., better levels of cognition) compared with assessments by the patient's next of kin. The concordance rate for the subgroup of patients who were assessed as postoperatively improved, unchanged, or impaired cognition by the neurosurgeon and/or the patient's Table 3 shows clinical characteristics of older patients with subjectively improved, unchanged, or impaired cognition. The incidence of postoperative cerebral hyperperfusion was significantly greater in patients with subjectively impaired cognition after surgery than in those with subjectively improved or unchanged cognition. Other variables, including new ischemic lesions on postoperative diffusionweighted imaging and duration of ICA clamping, did not differ between patients with subjectively improved, unchanged, or impaired cognition.
Results from the five neuropsychological tests conducted before and after CEA in older patients are summarized in Table 4 . All tests scores were unchanged after surgery. Table 5 shows the D score for each neuropsychological test in the older and the younger patients. The D scores in all neuropsychological tests were significantly less in the older patients than in the younger patients. Figure 1 shows the relationship between the subjective assessment of postoperative change in cognition and the D score for each neuropsychological test in the older patients. In all neuropsychological tests, the D score statistically differentiated patients with subjectively improved, unchanged, and impaired cognition after surgery.
Sensitivity, specificity, and positive-and negativepredictive values for the D score for each neuropsychological test at the cut-off point lying closest to the left upper corner of the ROC curve for the detection of subjective improvement and impairment in cogni- 
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Cognition After CEA in the Elderly tion after surgery in older patients are summarized in Table 6 . In all neuropsychological tests except for the Rey copy, the cut-off point of the D score for detection of subjective improvement (upper cut-off point) and impairment (lower cut-off point) in cognition after surgery was identical to the mean and the mean -1.5 SD respectively, of the control value obtained from normal subjects. In the Rey copy, the upper and lower cut-off points were identical to the mean ＋0.5 SD and the mean -1 SD, respectively. All four patients with a D score of more than each upper cut-off point in two or more neuropsychological tests exhibited subjectively improved cognition after surgery. Of the seven patients with a D score of less than each lower cut-off point in two or more neuropsychological tests, five (71%) and two (29%) patients exhibited subjectively impaired and unchanged cognition, respectively, after surgery. All 26 patients with a D score of more or less than each upper or lower cut-off point, respectively, in one neuropsychological test or a D score between the upper and lower cut-off points in all neuropsycho-Y. Takahashi et al.
logical tests exhibited subjectively unchanged cognition after surgery.
Discussion
Neurosurgeons and/or patients' families often subjectively report postoperative improvements or impairments in cognition for patients undergoing CEA, so we defined these subjective assessments based on their feelings as significant postoperative changes in cognition. As a result, 11%, 75%, and 14% of patients were determined as having subjectively improved, unchanged, and impaired cognition, respectively, after surgery in older patients. These incidences did not differ when comparing with younger patients. Thus, regardless of age, some patients who underwent CEA may have subjectively improved or impaired cognition after surgery.
A recent study suggested that normalization of cerebral metabolism via improvements in cerebral hemodynamics after CEA may result in cognitive improvement as well as functional recovery of the neurotransmitter system. 5) Other investigators have hypothesized that cognitive impairment after CEA may result from three possible mechanisms 2, [6] [7] [8] [9] [11] [12] [13] 18) : cerebral hemispheric hypoperfusion during ICA clamping, intraoperative gaseous and particulate emboli from the surgical site, and postoperative cerebral hyperperfusion. The present study showed no relationship between duration of ICA clamping or new ischemic lesions on postoperative diffusion-weighted imaging and postoperative cognitive change. On the other hand, the incidence of postoperative cerebral hyperperfusion was significantly greater in patients with subjectively impaired cognition after surgery than in those with subjectively improved or unchanged cognition. Thus, postoperative cerebral hyperperfusion may be the main cause of impaired cognition after surgery in elderly patients.
In general, when healthy subjects repeatedly undergo neuropsychological testing, scores from the second testing session are usually higher than the first testing session (practice effect). 12, 17) A recent study has reported that the practice effect occurs even during the neuropsychological testing of healthy elderly subjects, and that there was no correlation between the magnitude of the practice effect and age in such subjects. 15) While neuropsychological test scores reportedly increase after CEA in patients aged º76 years when analyzed as a group, 22) test scores did not change after surgery in those aged AE76 years in the present group-rate analysis. Further, the degree of postoperative change in neuropsychological test scores was significantly lower in patients aged AE76 years compared with those in patients aged º76 years. These findings suggest that the practice effect for neuropsychological testing may not occur in elderly patients undergoing CEA. Aging in addition to presence of carotid stenosis probably causes reduction in brain function, resulting in absence of the practice effect in such patients.
The present study demonstrated that the degree of postoperative increase or decrease in neuropsychological test scores could differentiate patients with subjectively improved, unchanged, and impaired cognition after surgery in older patients. These observations are consistent with those seen in younger patients. 22) However, the absolute values of the cutoff points of postoperative increase and decrease in neuropsychological test scores for detection of subjective improvement and impairment, respectively, in cognition after surgery were lower in older patients compared with the absolute value of the cutoff point for younger patients (mean ＋2 SD of the normal control value for detection of subjective improvement; mean -2 SD of the normal control value for detection of subjective impairment). 22) These data suggest that, although neuropsychological test scores reflect the subjective assessment of postoperative change in cognition even for older patients, the optimal cut-off points for the test scores for detection of subjective improvement and impairment in cognition after CEA are different from those in younger patients. The absence of a practice effect in older patients may result in a lower absolute value of the cut-off point of postoperative increase and decrease in neuropsychological test scores in such patients.
The present study suggests that although neuropsychological test scores reflect the subjective assessment of postoperative change in cognition in older patients, the optimal cut-off points for the test scores to detect subjective improvement and impairment in cognition after CEA are different in older patients compared with younger patients. This difference may be due to the absence of a practice effect in elderly patients.
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